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ABSTRACT 

In this paper, two optimisation models are established to determine the criterion weights in multi-criteria 
decision-making situations where knowledge regarding the weight information is incomplete and the cri- 
terion values are interval neutrosophic numbers. The proposed approach combines interval neutrosophic 
sets and TOPSIS, and the closeness coefficients are expressed as interval numbers. Furthermore, the relative 
likelihood-based comparison relations are constructed to determine the ranking of alternatives. A fuzzy 
cross-entropy approach is proposed to calculate the discrimination measure between alternatives and the 
absolute ideal solutions, after a transformation operator has been developed to convert interval neutro- 
sophic numbers into simplified neutrosophic numbers. Finally, an illustrative example is provided, and a 
comparative analysis is conducted between the approach developed in this paper and other existing meth- 
ods, to verify the feasibility and effectiveness of the proposed approach. 
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1. Introduction 

Fuzzy sets (FSs), which were proposed by Zadeh (1965), are 
regarded as a comprehensive tool for solving multi-criteria 
decision-making (MCDM) problems (Bellman & Zadeh, 1970). 
In order to resolve the uncertainty of non-membership degrees, 
Atanassov (1986) introduced intuitionistic fuzzy sets (IFSs), 
which are an extension of Zadehs FSs. IFSs have been widely 
applied in solving MCDM problems to date (Chen 8c Chang, 
2015; Chen, Cheng, 8c Chiou, 2016; Wang et al., 2014; Yue, 2014). 
Moreover, interval-valued intuitionistic fuzzy sets (IVIFSs) 
(Atanassov 8c Gargov, 1989) were proposed, which are an exten- 
sion of FSs and IFSs. In recent years, MCDM problems with 
IVIFSs have attracted much attention from researchers (Chen, 
2014; Liu, Shen, Zhang, Chen, 8c Wang, 2015; Tan et al., 2014; 
Wan 8c Dong, 2014). Furthermore, the TOPSIS method, pro- 
posed by Hwang and Yoon (1981), has also been used for solving 
MCDM problems (Cao, Wu, 8c Liang, 2015; Yue, 2014; Zhang 
8c Yu, 2012). Moreover, fuzzy linear programming models have 
been constructed to address MCDM problems with incomplete 
criterion weight information (Chen, 2014; Dubey, Chandra, 8c 
Mehra, 2012; Wan, Wang, Lin 8c Dong, 2015; Wan, Xu, Wang, 8c 
Dong, 2015; Zhang 8c Yu, 2012). 

Although the theories of FSs and IFSs have been developed 
and generalised, they cannot deal with all types of uncertain- 
ties in real problems. Indeed certain types of uncertainties, such 
as indeterminate and inconsistent information, cannot be man- 
aged. For example, FSs and IFSs cannot effectively deal with a sit- 
uation where a paper is sent to a reviewer, and he or she says it is 
70% acceptable and 60% unacceptable, and his or her statement 
is 20% uncertain; therefore, some new theories are required. 

Since neutrosophic sets (NSs) (Smarandache, 1999) con- 
sider the truth membership, indeterminacy membership and 



falsity membership simultaneously it is more practical and flex- 
ible than FSs and IFSs in dealing with uncertain, incomplete 
and inconsistent information. For the aforementioned exam- 
ple, the reviewers opinion can be presented as x (0.7, 0.2, 0.6) 
by means of NSs. However, without a specific description, it 
is hard to apply NSs in actual scientific and engineering situ- 
ations. Hence, single -valued neutrosophic sets (SVNSs), which 
are an extension of NSs, were introduced by Wang et al. (2010). 
Subsequently the similarity and entropy measures (Majum- 
dar 8c Samant, 2014), the correlation coefficient (Ye, 2013) 
and the cross-entropy (Ye, 2014c) of SVNSs have been devel- 
oped. Additionally Ye (2014a) introduced simplified neutro- 
sophic sets (SNSs), and Peng, Wang, Wang, Zhang, and Chen 
(2015) and Peng, Wang, Zhang, and Chen (2014) defined their 
novel operations and aggregation operators. Finally further 
extensions of NSs, such as interval neutrosophic sets (INSs) 
(Wang et al., 2005), bipolar neutrosophic sets (BNSs) (Deli, 
Ali, 8c Smarandache, 2015) and multivalued neutrosophic sets 
(MVNSs) (Peng, Wang, Wu, Wang, 8c Chen, 2015; Wang 8c Li, 
2015), have also been proposed. 

In certain real-life situations, the INS, as a particular exten- 
sion of an NS, can be more flexible in assessing objections than 
an SNS. Recently the studies relating to INSs have been focused 
on particular areas, which can be roughly classified into two 
groups. 

The first group is based on interval neutrosophic aggregation 
operators, such as interval neutrosophic number weighted aver- 
aging (INNWA) and interval neutrosophic number weighted 
geometric (INNWG) operators (Zhang, Wang, 8c Chen, 2014), 
interval neutrosophic number Choquet integral (INNCI) oper- 
ator (Sun et al., 2015), interval neutrosophic number ordered 
weighted averaging (INNOWA) and interval neutrosophic 
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